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SEED PATHOLOGY - THE BASICS
James B. Sinclair
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We often forget about the importance of seeds. Seeds contain the
genetic history and potential of a crop, which we try to preserve in
germplasm collections . Since seeds are the only means of preserving our
crops through adverse conditions, they are the most precious thing that
a farmer has for the next season's crop. This has been true ever since
man began to cultivate crops for food, but we sometimes lose sight of
this fact.
Seeds, prepared in numerous ways, are the main source of food
energy for all of man and his animals. All people of the world eat
seeds - rice, wheat, sorghum, maize, barley, bean, peanut, coconut, soybean, as well as seeds of other plants. A great segment of the world
economy is built around the use of seed for food, feed and propagation.
It is important, therefore, for man to continue to improve on the use
and production of seeds . We have taken seeds so much for granted for so
long, we tend to forget about these basic facts.
There are other organisms beside man that use seeds for food, such
as: birds, rodents, microorganisms, viruses, nematodes, insects and
other invertebrates, etc. Many of the these organisms were using seeds
as energy sources before man came along and started to compete with
them. Man has been trying to control the bacteria and fungi that use
seed for food and for overseasoning purposes since the beginning of
intensive cultivation of plants. Since all seeds are attacked by microorganisms, a large portion of the money involved with seed production
goes into controlling microscopic predators through manipulation of the
environment with chemicals and by handling, packaging, etc. The science
of seed pathology, long neglected in the Western hemisphere, studies the
various microorganisms involved, how microorganisms affect seeds, the
role of seeds in the life cycle of the pathogens, and how to effectively
control seedborne diseases. Additionally, seed pathologists need to
understand nonparasitic causes of seed destruction, including mineral
and nutrient imbalances, mechanical injuries, temperature and moisture
stresses, and toxicity of chemicals .
Most of the persons present today have had some exposure to plant
dis·eases and their control. For those who have had some formal training
tn tlie subject, you wi 11 remember that your instructor presented "1 i fe
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cycles" and/or 11 diseases cycles" of the pathogens being studied .
Instructors usually began the study of a plant disease with a description of symptoms and then present the life cycle of the causal agent.
If the causal agent is seedborne, it usually was mentioned casual ly ..
One of the things I would like to emphasize is that if the pathogen 1s
seedborne, this sho uld be mentioned first! The focal point should be on
the seed, where the pathogen survives, where it begins its life cycle
and where it serves as a source of primary inoculum. This approach has
been neglected by teachers of plant pathol ogy, probabl y because of the
previously successful use of copper and mercury fungicides as seed
treatments. We do not have these efficient fungicides for the control
of many seedborne pathogens as we have had in the past and some of the
currentl y recommended compounds may not be available in the future.
Therefore, we must return to the basic study of seedborne pathogens
to develop other means of control.
Economic Importance
"Seed Pathology", a 2-volume work by P. Neergaard, published in
The author has effectively summarized the world literature on the subject including
losses due to pathogens. I do not want to take time to quote a lot of
data on such losses, it can be obtained from such a work. However , l et
us consider one example. In 1955, in the Pacific Northwest section of
the United States, the losses to wheat bunt alone (not considering other
diseases of wheat) amounted to almost $6 mil lion . Imagine the kind of
loss figures that could be calculated by totaling losses for all crops
for the world . How can we put a price on the effect of mycotoxins
(aflatoxins), ergotism, allergies, dermatitis, etc., associated with
seeds? Seed pathology and the control of microorganisms associated
witn seeds are important!
1977 (3), is an encyclopedia of seed path0logy.

How do Microorganisms Affect Seeds?
The study of microorganisms associated with seeds is a very interestfng one, since it is as varied as the kinds of seeds they attack.
Tnere are some microorganisms, considered as being very efficient, that
live and reproduce on seeds without causing any visible harmful effects.
Still others will become harmful when environmental cond i tions are fav erqble for their growth and reproduction. Many of the storage fungi fit
into this category, including species of Aspergillus, Fusarium, Pencillium, etc.
Still other fungi make their way into the nonliving outer tissues
of seeds, such as bracts, pericarps and seedcoats. They survive in
t~ese tissues during conditions adverse for their growth and reproductlon, ready to attack the germinating embryo when conditions are more
favorable. In our study of the colonization of fungi and bacteria of
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Figure 1.

Cross-sections of soybean seedcoats showing the presence of
two microorganisms in the hour-glass cell layer (h) : at top ,
the fungus mycelium (m) of Phomopsis sojae; at bottom, the
bacterium Bacillus subtilis (b) (p = palisade cell layer; h =
hourglass cell layer; pa = parenchyma cell layer; m = mycelium;
and b =bacterial cells).
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Figure 2.

Growth of various fungi (molds) from inside surface-sterilized
soybean seeds after five days on culture plates of potatodextrose agar.
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soybean seeds, we find that fungi and bacteria invade the seedcoat
(Figure 1) and then the embryo during the germination process (4).
There are many fungi and bacteria that use this method of survival,
particularly in large-seeded legumes.
Another means of infection is the direct colonization of the embryo
and/or ovule of the seed . The obli gate and efficient fungal, bacterial
and viral pathogens can be found in this group. The smut fungi and
species of Colletotri chum, Fusarium, Gloeotinia, Phytophthora, Plasmapara and Sclerospora use this mechanism for survival in seeds. These
microorganisms and some viruses may not kill the embryo, but delay its
germination, resulting in weak emerging seedlings and generally reduce
seedling vigor.
Thus, some of the most important effects that seedborne microorganisms have on seeds are to reduce storage life, germination, emergence and vigor, and eventually the adult plant and yields.
Commercially, seedborne microorganisms reduce the grade of grain at
the elevator by causing reduced size, distortions, shrivel l ed seed,
discoloration,
spotted seeds and stromatized seeds. Growers often are
11
docked 11 because of poor quality based on these visible factors. For
example, soybean seeds infected with Phomopsis sojae (causes pod and
stem bli9ht) have lower grade-related components than noninfected seeds
(Table 1). The U.S. Department of Agriculture has set standards for
judgi"ng seed quality based on visual symptoms (5).
It is well known that small grains infected with ergot fungi and
other smut pathogens are not acceptable for processing. Such seed lots
have to be cleaned before use. There are quarantines and embargoes on
seeds known to be contaminated with bacteria, such as the black rot of
crucifers. However, we are now just beginning to understand some of the
otner affects of contaminated seeds. We find that the oil and flour
derived from soybean seeds infected with the Phomopsis sojae is of 1ower
quality than that from seeds without symptoms of infection (Table 2).
Integrated Disease Management for Control of Seedborne Pathogens
The pathogens that attack seeds can be seed- and/or soilborne,
others particularly the viruses, are vector-borne , but also may be
seedborne . Certain rust and downy mildew fungi and bacteria depend upon
weather conditions for spread and dissemination. Some microorganisms
are systemic i'n the host plant while others produce only restricted
surface infections. Some pathogens may be carried in the seed and not
show symptoms, while others are quite conspicuous. In order to have an
integrated disease management program for the control of any singl e or
group of seedborne pathogens, it is necessary to have a complete understanding of the disease and life cycles of the pathogen(s) involved.
When tliese are known a program for disease managment can be formulated,
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Table 1.

Grade-related components of Wells soybean seeds with or without
symptoms of Phomopsis soj ae.
Weighta

Volumea

Densitya

Splitsb

(g)

(ml)

(g/rnl)

(%)

With symptoms

14.2

22 .4

0 . 63

7. guc

Without symptoms

16.7**C

25.2**

0.66*c

1.4

Seed lot

a Means based on 12 replications of 100 seeds each.
b Mean number of split seeds after simulated grain handling on five
replications.

Data was transformed using square root transformation.

C** and* indicate statistical significance at P = 0.01 and 0.05, respectively ,
using Fl.SD test.

Table 2.

Description of soybean flour and oil derived from Wells soybean seeds with or without
symptoms of Phomopsis sojae.

Seed lot
With symptoms

Without symptoms

Compos itionb
Oi 1
Protein

Sensory evaluation
of flour for
"off" odora

(%)

{%)

Oil
Peroxide valuec
(~q/kg)

Moderately d
pronounced*

25.6**d

43.3*

125**

Slightly
perceptible

23.0

42.4

52

Dark color and
"off" odor

+e

a Mean category based on 15 panelists.
b Mean based on 20 determinations.
c Mean based on four determinations.
d Indicates statistical significance at P

= 0.05

(+) and 0.01 (++) level, respectively using FLSD.

e Qualitative observations: + = with dark-color and off-odor; - = without.
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Table 3.

Check list to determine whether fungicide appli cation should be made to soybeans.

Risk factors

Point value if the
answer is 11yes 11

Rainfal l, dew and humidity up to early bloom and pod set are:
Bel ow normal .
Normal . . .
Above Norma 1 .
Soybeans grown in the field last year
Chisel - plow, disk or no-ti l l
Pycnidia (black specks) visibl e on fallen petioles and Septaria brown spot
obvious on the lower leaves . . . . . .
Early-maturing cultivar (not full - season)
Soybeans to be used or sold for seed
Yield potential better than 35 bushels per acre
Seed quality at planting time is less than 85 percent germination in a
warm test . . . . . . . . . . . . . . . . . . . . . . . . . .
Field re latively free of a weed canopy
Other conditions that favor disease development (weather forecast with a 30-day
period of greater than normal ra i nfall and a field history of disease)
NOTE:

0
2

4

2 to 3
1

2
1 to 2
3
2
1
2
1 to 3

If the total point val ue is 12 or more for seed-production fields, or over 15 for grainproduction fields, application will likely mean increased yiel ds and hi gher seed quality.
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using one or more of the following methods:
1.
Use disease resistant cultivars. Resistant cultivars should
be used whenever they are available. It is the most efficient and
economical method for controlling diseases.
2.
Use high quality seeds. The use of plump seeds, free of
mechanical damage and seedborne pathogens produces vigorous seedlings
and mature plants that are more tolerant to soilborne pathogens as well
as other diseases during the growing season.
3.
Use an adequate balanced fertility. Crops suffering from
stress due to imbalance of nutrients are more susceptible to plant
pathogens. Vigorous plants are more tolerant to diseases during the
growing season.
4.
Use crop rotation. Pathogens can overseason on the debris
left from the previous growing season and serve as a source of inoculum.
5.
Use of fungicide applications. The use of fungicide sprays
for the control of seedborne pathogens has had several years• study on
soybean. It is now a recommended practice in some states for the improvement of the quality of soybean seeds. The question as to when a
fungicide spray should be used on soybean was summarized by B. J. Jacobsen (2). A guide for the application of fungicide to soybeans initially
developed by E. I. DuPont de Nemours and Co., Inc., is presented in
Table 3.
6.
Seed treatments.
these proceedings).

(This subject is discussed elsewhere in
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